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Abstract. The exclusive reaction γγ → f f¯γ is considered as the possible calibration
process on the linear photon collider. We analyse the energy spectrum and total cross
section dependence on the detector parameters at various initial beam helicities.
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1. Introduction
Linear lepton colliders of the nearest future provide the possibility of investigation of photons
collisions at energies and luminosities the same to those in e+e− collisions [1]. The photon
linear colliders have the great physical potential (Higgs ans SUSY particles searching, study
of anomalous gauge boson couplings and hadronic structure of photons etc., [2]). And
performing of this set of investigations requires the of photon beam calibration as well. For
this purpose one traditionally use some of the well-known and precisely calculated reactions
(see, for example, γγ → 2f, 4f , [5, 6]). The difficulties appear in the calibration of photon
beams of similar helicity due to the small magnitude of cross sections of the most QED
processes.
For this purpose we consider the exclusive reaction γγ → f f¯γ as the possible candidate
for a calibration channel on a linear photon collider.
The two various helicity configuration of the γγ-system leads to the different spectra of
final particles and requires the two mechanisms of beam calibration. We have analysed the
behaviour of the γγ → f f¯γ reaction on beams with different helicities as a function of the
parameters of detectors. We have performed the detail comparison of it’s cross sections on
γ+γ+- (total helicity J = 0) and γ+γ−-beams (J = 2). The question to be answered is does
the process on ”++” beams can have the same cross section as one on ”+−” beams. We
have outlined the conditions that greatly restrict the observation of the process on ”J = 2”
beams, remaining the ”J = 0” cross section almost unchanged.
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Fig. 1. Diagrams for the process γγ → f f¯ + γ.
We consider the process
γ(p1, λ1) + γ(p2, λ2)→ f(p1′, e1′) + f¯(p2′, e2′) + γ(p3, λ3), (1)
where λi and ei
′ are photon and fermion helicities.
We use the following set of invariants:
s = (p1 + p2)
2 = 2 p1 ·p2 , t = (p2′ − p2)2, u = (p2′ − p1)2,
s′ = (p1
′ + p2
′)2, t′ = (p1
′ − p1)2, u′ = (p1′ − p2)2,
υ = 2 p1
′ ·p3 , ν = 2 p2′ ·p3 ,
z = 2 p1 ·p3 , z′ = 2 p2 ·p3 .
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We denote the final-state photon energy by w, the polar angle (between any final and
initial particles in c.m.s.) by Θ and the angle between any of final particles by ϕ. For the
differential cross-section we introduce the normalized final-state photon energy (c.m.s. is
used) x = w/
√
s. The differential cross section dσ/dx appears to be the energy spectrum of
final-state photons. The total helicity of the γγ system is denoted by J .
2. Calculation
We consider the cross section
σ =
∫
1
2s
|M(λ1, λ2, e1′, e2′, λ3)|2dΓ,
where the phase-space volume element is defined by
dΓ =
d3p′1
(2pi)3 2E ′1
· d
3p′2
(2pi)3 2E ′2
· d
3p3
(2pi)3 2p03
· (2pi)4δ (p1 + p2 − p′1 − p′2 − p3) .
The process γγ → f f¯γ is the pure QED reaction in the Born approximation. Using the
method of helicity amplitudes [3], we calculate matrix elements:
∣∣M+−−++∣∣ = 2e3 p′2 ·p2
√
p′1 ·p′2
p′1 ·p3 p′2 ·p3 p′1 ·p1 p′2 ·p1
= e3
√
8st2
νυt′u
. (2)
All the other non-vanishing amplitudes are obtained from |M+−−++| by using C, P, Bose
and crossing (between final and initial particles) symmetries:
dσ+−+−− = dσ+−−++|1↔2 , (P +Bose)
dσ+−+−+ = dσ+−−++|
1′↔2′
, (C)
dσ+−−+− = dσ+−−++| 1↔2
1′↔2′
, (CP +Bose)
dσ+++−− = dσ+−−++| 3↔2
1′↔2′
, (C + crossing)
dσ++−+− = dσ+++−−|
1′↔2′
, (C)
dσ−λ1,−λ2,−e1
′,−e2′,−λ3 = dσλ1,λ2,e1
′,e2
′,λ3 . (P )
Due to no final-state polarizations can be measured we summarize over all the final
particles helicities.
The further integration is performed numerically using the Monte-Carlo method [4].
3. Results
One of the main purposes of the linear photon collider is the s-channel of the Higgs boson
production at energies about
√
s = 120GeV [7]. Hence we use this value of c.m.s. energy in
our analysis.
We have performed calculations for various experimental restrictions on the parameters
of final particles. The events are not detected if Θ, ϕ or w are below the threshold values.
The default minimal values are Θmin = 7
o, ϕmin = 3
o, wmin = 1GeV , the minimal fermion
energy was also assumed to be 1GeV .
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First of all we discuss the energy spectrum of final photons. As it is presented in fig.
2-3, the differential cross section (dσ/dx) on J=2 beams decreases while one on J=0 beams
raises with increasing of the final-state photon energy. This leads to the conclusion that if
one raise the threshold on w, the process on J=2 beams will be greatly restricted, but the
rate of J=0 events remains almost unchanged. In fig. 4 we present the total cross section
dependence on the w-cut. According to fig. 4c, one can achive the ratio σJ=0/σJ=2 up to
0.5 without sufficient decreasing of σJ=2.
Next we analyse the total cross section dependence on the angle cuts (Θmin and ϕmin, see
figs. 5-6). In γ+γ+- experiments (J = 0) most of final fermions are radiated closely to the
axis of initial photon (polar axis) and can’t be detected. The γ+γ−- experiments (J = 2)
have the large fraction of particles emitted at large angles. But they are likely emitted as
the collinear fermion-photon pairs, that also can’t be separated in the detector. In the figs.
5c and 6c we present the ratio of the total cross sections σJ=0/σJ=2 at certain configuration
of cuts. We conclude that it can be increased by reducing the polar angle cut Θmin, and by
raising the collinear angle cut ϕmin.
In fig. 7 we demonstrate the total cross section dependence on the c.m.s. energy. It is
close to the law 1/s due to all the invariants in calculations are proportional to s. The only
non-linear effect is the w-cut.
We discover that the ratio of events on J=0 and J=2 beams strongly depends on the
experimental cuts. We obtained the region (the configuration of cuts) where the processes
on the both J=0 and J=2 beams have the close cross sections. That is the region of small
polar angle cut, high collinear angle cut and high minimal energy of final-state photons.
At these parameters the total cross sections of γγ → f f¯γ in experiments using γ+γ+- and
γ+γ−- beams appear to be the same order of magnitude.
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Fig. 2. The cross section dσ/dx for
√
s = 120GeV . The cuts are: 5o, 7o and 10o on the
polar angle, 3o on the collinear angle and 1GeV on the minimal final-state particle energy.
Fig. 3. The cross section dσ/dx for
√
s = 500GeV . The cuts are: 5o, 7o and 10o on the polar
angle, 3o on the collinear angle and 1GeV on the minimal final-state particle energy.
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Fig. 4. Total cross section dependence on the final photon minimal energy. The cuts are:
7o on the polar angle, 3o between final particles and 1GeV on the minimal fermion energy.
Fig. 5. Total cross section dependence on the polar angle cut. The other cuts are: 3o
between final particles and 1GeV on the minimal final-state particle energy.
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Fig. 6. Total cross section dependence on the minimal angle between final particles. The
other cuts are: 7o on the polar angle and 1GeV on the minimal final-state particle energy.
Fig. 7. The dependence of total cross section on the c.m.s. energy. The cuts are: 7o (polar
angle), 3o (collinear angle), 1GeV (minimal fermion energy), 1GeV (wcut, the higher line)
and 5GeV (wcut, the lower line).
